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Abstract:
Marine sector decarbonization is another battlefield for meeting the goal of climate action and
ensuring the fulfillment of ambitions for a zero-emission society. Driven immediately from the
policies such as energy efficiency and carbon intensity indicator rating system for ships initialed
by The International Maritime Organization (IMO) targeting 50% reduction on the total annual
GHG emissions by 2050, and carbon taxation and labeling by European Union, a series of
innovations that are centered around marine transportation are emerging from both industry
and the academic. These innovations are featured by electrification through advanced power
electronic based power systems with various new energy storage systems and low-emission fuels,
as well as increased intelligence and efficient control strategies applied to these maritime power
systems. This tutorial aims at providing the audience a compact yet comprehensive overview of
the advancement of control, operation, and design of typical maritime power systems, the
condition monitoring and data analysis for energy storage, as well as relevant industrial
advancements. At the same time, several practical case studies will be demonstrated to deepen
the understanding of how these new approaches solved the challenges of the current and
emerging maritime power systems, and to guide the future analysis and design of more advanced
maritime power systems.
The following modules will be covered to address five of the key topics. First, the opportunity
and challenge for decarbonization of marine transportation sector will be given, the emphasis
will be on the all-electric powertrain based on state-of-the-art power electronics and fed by
battery system and alternative fuels.
For the shipboard electrification, the onboard power system will represent itself in the form of
microgrids. To coordinate different components, a hierarchical control both in centralized and
distributed ways will be introduced in the second module. A case study of onboard microgrid
hierarchical control will be given, to walk the audience around how this method can be applied
to the onboard power system and the latest advancement in the control and operation will be
reviewed.
As the battery will be an indispensable and the costliest component for the emerging electrified
shipboard power system as well as advanced ship charging solutions, how to ensure the reliable

operation and extend the lifetime of the energy storage system become a hot topic. The third
module will introduce aspects related to Lithium-ion battery performance, degradation, and
lifetime. Furthermore, methods for battery lifetime extension and prediction will be covered.
Not limited to onboard microgrids, marine grid is a new concept which deals with the
electrification of different energy networks installed in harbors, ports, ships, and various ocean
platforms with the involvement of multiple energy flows, i.e., electrical power, fossil fuel, and
heating/cooling power. A cross-disciplinary view on this emerging “maritime multi-energy system”
will be introduced in the fourth module.
To catch up with the lasted advancement of fuel cell developments for shipboard power system,
industrial expert from ABB will give a talk covering the topics not only technically but also
economics on integrating the fuel cell for the marine vessels.
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